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Why Birds?
• Birds have used a bioindicators to evaluate spatial and temporal aspects 

of environmental contamination
• Attributes as bioindicators include:
• They are abundant
• Wide ranging (local to global distributions)
• Many are long lived
• Many species are apex predators

• Are important components of ecological risk assessments in aquatic and 
terrestrial ecosystems
• Tissue data are useful in understating spatial and temporal changes in 

contaminant data
• Tissue data can also be used to assess the ehalt ha bird population



Tissue Residue Approach (TRA)
• General concept that groups all aspects in toxicology that consider tissue 

or internal concentrations as the dose and its relationship to 
environmental protection

• Tissue residue metrics are likely to be less variable among species as compared to 
ambient exposure concentrations

• Tissue concentrations consider toxicokinetics and bioavailability reducing 
variability due to differences in environmental conditions

• Exposure-based toxicity metrics can under the appropriate circumstances can 
paired with bioaccumulation factors to derive  tissue levels

• Tissue Residue values are not replacements for conventional exposure or 
dose-based method in risk assessments, they are complementary



Echer and Hermens 2002

Process that are 
involved in the 
determination of 
target site 
concentrations



Adverse Outcome pathways



PFOS Measured in Avian Tissues: Field Studies
Study Species Blood Spleen Brain Fat Heart Kidney Liver Lung Muscle

Olivero-Verbel et al. 2005 Brown Pelican X X X X X X X

Robuck et al. 2022 Brown Pelican X X X X X X X V

Holstrom et al. 2005 C. Guillemont X X X

Rubarth J et al. 2011 Red-Throated 
Diver X X X X X X X X X

Chu S et al. 2015 Black-Footed 
Albatross X X X

Gebbnik WA et al. 2012 Herring Gull X X X X X

Robuck et al. 2022 Herring Gull X X X X X X X X

Robuck et al. 2022 Royal Gull X X X X X X X

Robuck et al. 2022 Sandwich Gull X X X X X X X

Robuck et al. 2022 Great Shearwater X X X X X X X



PFOS Measured in Avian Tissues: Laboratory Studies

Study Species Blood1 Spleen Brain Fat2 Heart Kidney Liver Lung Muscle

Yeung et al. 2009 Chicken X X X

Yoo et al. 2009 Chicken X X X X X

Kowalczyk et al. 2020 Chicken X X X

Newsted et al. 2007 Mallard X X

Bobwhite Quail X X

Bursian et al. 2021 Japanese Quail X X

Dennis et al. Bobwhite Quail X
1 Blood includes whole, plasma and serum
2 Fat includes adipose



Factors Influencing Bioaccumulation and Tissue Distribution In Birds

Factors Influencing 
Protein Binding

Abiotic
• Season

• Habitat
• Temperature
Biotic
• Diet
• Nutrition
• Disease
• Reproductive Status
• Migratory behavior

Species Differences

• Tissue protein composition
• Metabolism
• Physiological 

• Renal Function
• Anion transport
• Water Regulation

• Hepatic Function
• Metabolism

Changes in Physiology

• Protein Expression
• Fatty Acid Binding Proteins

• Cellular Membranes
• Phospholipids
• Phospholipid proteins

• Serum Composition
• Albumin
• Protein Transporters
• Phospholipid proteins

• Transporter Systems
• Organic Anion Transporters
• ATP-Cassette Transporters

Adapted from: Bangma JT et al. 2022:Environ. Intern. 159:107037



Species Differences in PFOS Tissue Distribution



Tissue distribution of PFOS in Brown Pelican

Tissue
Liver GOM CFRE

Kidney 0.966 0.120

Heart 0.820 0.057

Lung 0.899 0.204

Muscle 0.400 0.020

Brain 0.400 0.100



PFOS Tissue Distribution in 
Avian Species

Species Exposure Liver: Serum Ratio

Northern Bobwhite Chronic-Definitive 0.596

Mallard Chronic-Definitive 0.675

Northern Bobwhite Chronic-Preliminary 0.017

Mallard Chronic-Preliminary 0.11

Chicken Pharmacokinetic 1.35

Japanese Quail Chronic 1.90

Herring Gull Environmental 3.16

Herring Gull Environmental 4.15

Red-Throated Diver Environmental 2.50

Laughing Gull Environmental 7.54

Brown Pelican Environmental 1.14

Great Shearwater Environmental 0.83



Distribution of PFOS in Bird Eggs1

Species
Treatment2

(mg/kg, feed)
Membrane

(ng/ml)
Albumin
(ng/ml)

Yolk
(ng/ml)

Mallard 17.6 342 20 50,700

Quail 17.6 311 14 56,500
1 Pilot range-finding study for chronic reproduction tests
2 Birds photostimulated then put on treated diet. Samples collected at week 6.



Partitioning of PFOS in Egg Yolk

Treatment1 Fraction Quail2 Mallard

10 mg/kg, feed Yolk-Whole 62 53

Yolk-VLDL 40 42

Yolk-Phosvitin 0.83 8.8

Yolk-Lipovitellin 1.32 3.6
1 Chronic dietary study with mallards and quail (Newsted et al. 2007)
2 Concentration in units of µg/g, wet weight



Groffen T et al. 2020,EST 54:9334-44 

Are nonlethal sampling approaches suitable for monitoring perfluoroalkyl acids?
PFAS in Parus major







Spearman 
correlations 
between PFAS 
and 
phospholipids, 
protein and lipids 
in North Atlantic 
Pilot Whales

PFAS PL Protein Lipid

PFDS 0.60* 0.09 0.01

PFOS 0.29 0.48* -0.31*

PFOA 0.15 0.51* -0.54

PFHxS 0.11 0.11 -0.26*

PFHxA 0.19 0.49* -0.50*

Spearman correlations. 
* indicates a significant correlation (P<0.05)

Dassuncao C. et al. 2019: EST Lett 6:119



Mixed-Effects regression models for PFAS and phospholipids, proteins, and lipid 
concentrations1

Model with all tissues Model without Brain

PFAS PL(%) Protein (%) Lipid (%) PL(%) Protein (%) Lipid (%)

PFDS 26 - - 20 - -

PFTA 22 0.9 - 19 1.2 -

PFTrA 23 1.3 - 23 1.6 -

PFDoA 17 1.3 - 22 1.5 -

PFUnDA 12 1.8 - 24 1.8 -

PFOS - 1.4 - 25 1.4 -

FOSA 8.5 1.3 - 19 1.3 -

PFNA - 2.0 - 23 1.6 -

PFOA - 1.0 - 12 0.6 -

PFHxS - - - 19 - -

1 Percent changes in PFAS concentration for each mg per gram in PL, protein, or lipid concentration
(-) indicates that relationships were not significant at p < 0.05

Dassuncao C. et al. 2019: EST Lett 6:119



Relationship between placental transfer efficiency and human serum protein

PFAS Kd-HP1 Kd-SP Kd-LP

PFBA 419 482 879

PFPeA 286 387 685

PFHxA 195 243 443

PFHpA 172 209 358

PFOA 115 166 197

PFNA 73 84 90

PFDA 65 70 77

PFUdA 79 75 54

PFDoA 103 100 95

PFTrA 265 284 317

PFBS 169 239 436

PFHxS 79 158 210

PFOS 38 49 81

1 Kds are: HP is HAS-PFAS
SP is serum protein-PFAS
LP is L-FABP-PFAS.

Gao K et al. 2019: EST 53-6529



Chemical activity (a)Is a unitless thermodynamic quantity that can be used to 
describe nonideal solutions of chemicals in different phase and media
Can be defined as:
• A ratio of chemical fugacity (f: Pa) in environmental media and a reference 

fugacity (fR) of a pure chemical at a defined standard state, or
• On a Raoult’s law basis, it is the product of the concentration of a chemical 

(mole of solute/moles of solvent) and activity coefficient γ (unitless)
a= f/fR = γ x X

Chemical Activity



In neutral organic chemicals γ can be determined from the solubility of that 
chemicals in water
For substances that are liquid at systems temperatures, γ is the reciprocal of a 
chemical solubility in a solvent

γ = 1/X (solubility in a solvent; moles/moles)
For substances that are solid at system temperatures, y for a neutral organic is 
determined as the product of a chemicals solubility and its fugacity ratio(F)

γ = F x X
Where :     Ln F = -(ΔH/R)(1/T-1Tm) 

Chemical activity



For PFAS, partitioning is predominately related to their association with:
• Phospholipids in cell membranes (e.g. polar lipids)
• Nonstructural proteins (e.g.. Albumin, LFBPs ,etc), 
• Structural proteins (e.g. collagen, myosin, and actin)
• Water
• Neutral lipids (storage fats)

• Minor component for most PFAS classes

Working concepts for partition into tissues



To determine the accumulation of PFAS into an organism or organ, the 
sorptive capacity can be determined as follows:

Sorganism= ψnl x Snl +ψpl x Spl + ψalb x Salb + ψsp x Ssp + ψw x Sw

Where:
• ψ represents the percent faction of the tissue of interest
• S is the solubility of a chemical in the tissue of interest

• Can be approximated using distribution coefficients (log Dxw) 
between tissue and water



Apparent Chemical Activity

𝑎𝑎 𝑜𝑜𝑜𝑜𝑜𝑜𝑎𝑎𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 =
𝐶𝐶𝑜𝑜𝑜𝑜𝐶𝐶𝐶𝐶𝑜𝑜𝐶𝐶𝑜𝑜𝑎𝑎𝐶𝐶𝑜𝑜𝑜𝑜𝑜𝑜 𝑜𝑜𝑜𝑜𝑜𝑜𝑎𝑎𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜

𝑆𝑆𝑜𝑜𝑆𝑆𝑆𝑆𝑆𝑆𝑜𝑜𝑆𝑆𝑜𝑜𝐶𝐶𝑆𝑆 𝑜𝑜𝑜𝑜𝑜𝑜𝑎𝑎𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜
𝑥𝑥 𝐹𝐹

Derivation Conditions
• Chemical activities were derived with no reference phase
• Derivation of organism sorptive capacities used distribution coefficients 

between water and tissue (Allendorf et al. 2021)
• For PFAS without distribution coefficients, coefficients were predicted 

using regression models and data from Allendorf et al. 2021
• Separate regression were used for PFSA and PFCA 

• Water solubilities were either measured or predicted (OPERA)









Apparent Chemical Activities
In terrestrial biota



Final Thoughts

• Laboratory studies are still needed to characterize the underlying factors involved 
bioaccumulation and tissue distribution of PFAS into birds
• Evaluation of what proteins, lipids or other cellular constituents are involved in the transport 

and accumulation PFAS into different tissues
• These should include intraspecific and interspecific evaluations
• Normalization approaches for PFAS should consider the scale (population, organism or sub-

organism) to better quantify differences accumulation in birds
• Field studies are also needed to better understand the relationships between 

trophic position and accumulation of PFAS, both on a whole body and tissue specific 
basis
• Considerations relative to the ecological aspects of avian species should also be noted and 

evaluated (reproductive condition, migratory status, dietary changes, etc)



Thank You
Questions?

Contact Information
Email: John.Newsted@Ramboll.com
Cell:    517-614-3416

mailto:John.Newsted@Ramboll.com
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